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FOREWORD This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Industrial Trucks Sectional Committee had been approved by the Transport Engineering Division Council. This standard specifies `Additional stability tests' for the counter balanced trucks handling empty or laden freight containers of 6m length and above. In order to facilitate international co-ordination on the subject, this standard is based on and is in conformity with 1S0 10525:1997 `Counterbalanced trucks handling freight containers of 6 m length and above --Additional stability tests'. The composition of the committee responsible for formulating this standard is given in Annex A. In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2:1960 `Rules for rounding off numerical values ( revised)'.
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Indian Standard

COUNTERBALANCED TRUCKS HANDLING FREIGHT CONTAINERS OF 6 m LENGTH AND ABOVE -- ADDITIONAL STABILITY TESTS
1 SCOPE 1.1 This standard specifies additional tests to veri~ the stability of counterbalanced lift trucks when handling freight containers of 6 m length and above. 1.2 This standard specifies tests in addition to those specified in IS 4357. 2 REFERENCES " c) b) wind speed is up to 12.2 nds ( Beaufort Scale Force 6), Alternative ratings for use in higher wind speeds shall be developed by use of higher values for wind speed, v, in equations (1) and (2) in 5.5.3, and The truck is traveling forward with the fkight container leading, elevated so that the base is not higher than 1m above the point of maximum depression of the seat cushion under the operator and the mast is filly tilted back., NOTE-- The elevated load permits an operator
to see underneath the freight container. a) b) Stability tests to cover conditions stated in (a) or (b) are applicable to all trucks. Stability tests to cover conditions stated in (c) are only applicable to a truck which will operate with a partially elevated container.

The following standards contain provisions which through reference in this text, constitute provision of this standard. At the time of publication, the editions indicated were valid. "All standards are subject to revision, and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below: IS No. 4357:1974 4660:1993 6305 Title Methods for stability testing of forklift trucks (first revision ) industrial Powered trucks -- Terminology ( third revision) Safety code for powered industrial trucks: and

4.2 This standard does not apply to trucks when: a) b) handling suspended loads which may swing freely, and handling a container which has a mobile centre of gravity.

(Part 1): 1980 Application, operation maintenance (jkst revision) ( Part 2 ): 1980 Manufacture (first revision) 7862:1975

5 TEST REQUIREMENTS The stability of the trucks shall be verified by means of the test methods described below. Any of the methods is an acceptable verification procedure. 5.1 Verification Procedure 5.1.1. Tilting Platform A test platform wl@h can be tilted about one side shall be used. Place the tmck under test on the platform, which is initially in the horizontal plane, sequentially in.the positions described in Table 1. For each of the truck positions, the platform shall be tilted slowly and smoothly to the slope indicated in Table 1. 5.1.2 Fixed Slope Fixed slopes with inclinations equivalent to the specified test slope shall be used. The slope surface shall be smooth and capable of supporting the truck weight without deformation likely to affect the test results. Drive the truck under test onto the fixed slope with 1

Glossary of terms relating to safety aspects concerning operating areas of industrial trucks

3 TERMINOLOGY For the purpose of this standard, the terms and definitions given in IS 4660 and IS 7862 shall apply. 4 CONDITIONS OF VALIDITY 4.1 The stability tests ensure that counterbalanced trucks handling tleight containers have satisfactory stability when reasonably and appropriately used under'
the following a) conditions: The truck ( traveling with the freight container at normal traveling height and stacking ) where the is operating under conditions

Is 14945:2001 the mast lowered and position it according to Table 3. For each of the laden truck positions, the load shall be elevated slowly andsmoothly to the height indicated in Table 1. 5.1.3 Calculation Compliancewiththe specif~dvalues maybe determined by calculation. Such calculated capacities must allow for manufacturing tolerances, #ossible deflectionsof the mast, tyres, etc. S.1.4 Completion of Test The truck is considered stable if it passes all required tests without overturning (see 6). For tests Nos. 1,2 and 3, the overturning value of the test slope is that which, if increased, wouldproducecompleteoverturning of the truck. For test No.4, the overturning value is reached when a wheel loses contact with the test slope. 5.2 Test Conditions Prevailing winds shall not have any significant effect on the test results. For test No. 3, it is permissible for the load wheels on one side of the truckto lose conthct with the slope and for parts of the structure or other designed features to make contact with the test slope. 5.2.1 Condition of the Truck The tests shall be carried out with the truck ready for use without an operator.Fuel tanks of engined trucks shall be full if stability is thereby reduced; all other tanks shall be filled to their correct operating levels. The load-carrying means shall be fully equipped with any protective or supplementary Iitting apparatus as includedintherating.Themastorfti arms,if adjustable for tilt, shall be positioned in accordance with Table 1. Where applicable, tyres shall be inflated to the pressurespecified by the manufacturer,and where tyre ballast is permitted it shall be used in accordance with the manufacturer's instructions. 5.2.2. Vertjicationof Verticalip of the Ll@of the Loadengaging Means Before proceeding with Test No. 1, the verticality of the lift of load-engaging means shall be verified by means of a plumb-line or other suitable equipment. Elevate the load-engaging means and the specified testloadtoapproximatdy 300 mmabovethetestpiatfii. Establisha point E ( see Fig. 1 ) on the Ioad-enagaging means.This point E shallbe used to provide a reference datum, F, on the test platform ( see Fig. 1). When the mast is elevated, a new point F, on the test platform occurs(see Fig. 2). By theadjusbnentsdescribedbelow thisnew point F1canbe returnedto the originallocation of F( see Fig. 3 ). 5.2.2.1 For trucks with tiltable masts, changes in the location of F, shall be corrected by varying the tilt of the mast with the limits of the truck design. 5.2.2.2 Fortruckswith fixed masts, adjustmentsin the Ioad-engagingmeana or forkcarriertilt(whereprovided) may be used to correct for changes in location of point F, within the limits of the truck design. 5.2.2.3 This procedure does not appJyto trucks where the design does not allow such corrections. 5.2.3 Li# Height for Tests Simulating 7hzvelling with the Freight Container Substantially Elevated For tests simulating travel, the centre of gravity of the test load shall be positioned 2300 mm above the point of maximumdepression of the operator'sseat cushion. These tests shall not apply where it is not necessary to elevate the container to obtain adequate visibility in the direction of travel [ for example, high-level operatorpositionordrhing inreverse( freightcontainer trailing) ]. 5.3 Effect of the Operator's Mass on Stability The operator on rider-controlled trucks shall be
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FIG. 3 VERIFICATION OFVERTICALITY
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represented by a weight of mass 90 kg if the stability during a test is thereby decreased. The weight shall be secured with its centre of gravity 250 mm above the operator's seat when in the compressed condition. 5.4 Location of the Truck on the Test Slope The specified position of the truck on the test slope shall be maintained during each test. Wheel rotation shall be prevented by application of the parking brake or service brakes, which may be secured in the `on' position. Additionally, the wheels may be wedged against the truck frame but in such a way that any axle/ frame articulation not affected. Blocks (chocks) having a maximum height of 80 mm may be used, if necessary, to maintain the initial position of the truck on the fes$ platform. Blocks (chclcks),If used, shall not artificially improve stability. 5.5 Test Load 5.5.1 General The test load shall consist of a basic load corresponding to the mass of the freight container, and a load or force simulating the effect of wind on the container. 5.5.2 Basic Load 5.5.2.1 The basic test load shall be equivalent to a 2.590 m high container in either the laden or unladen condition with its centre of gravity, G, acting at its centroid ( see Fig. 4 and Fig. 5 ). 5.5.2.2 When using fork arms, the basic test load shall be positioned using the container fork pockets with one side of the load touching the front face of the fork shank (see Fig. 4). When using other handling means such as a top lifi or side litl spreader, the position of the centre of gravity, G, shall be determined by the FIG.5 POSITION OFBASIC TEST LOAD USING OTHER
THANFORKARM

5

connection points to the test load ( for example twistlocks into the corner fittings ) ( see Fig. 5 ). 5.5.2.3 Where the handling means has positional adjustment capability lateral to the truck centreline, the lateral adjustment shall beat its midpoint. Where handling means has positional adjustment capability in the direction of the truck longitudinal centreline, other than mast tilt, the test shall be carried out at both extremes of adjustment. The mass of the basic test load shall be equivalent to the rated load, Q, specified by the truck manufacturer; This takes into account the normal degree.of eccentric loading of laden containers. 5.5.3 Wind Force 5.5.3.1 Longitudinal tests

For the longitudinal tests, the critical wind force acting on the freight container is calculated by the following formula :, `where F= k= h ,= 1= v= Cfl . F = khlv2C~1 ... 1

5

wind force, in newtons; 0.613 (in N.s2/m4); freight container height (2.59 m); freight container length, in metres; wind speed Scale 6)]; and [12.2 m/s ( Beaufort

shape coefficient (1.3).

OFBASIC TEST LOAD USINGFORKARM FIG.4 POSITION

NOTE -- Reference sources ( for example, crane and building standards ) confirm that a value of 1.3 for Cr[ is appropriate for wind acting in a direction normal to the longitudinal axis of freight containers.
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The effect of this force can be simulated in the tests by one of the following methods: a) By applying this force in the direction of longitudinal forward overturn acting horizontally through the centre gravity of the test load; or By applying avertical load, in addition to the test load, giving an equivalent moment to the wind force acting when the slope is at the required tilt angle as specified in Table 1. a) by applying this force in a direction normal to the lateral tipping axis of the truck horizontally through the centre of gravity of the test load; or by applying a vertical load, in addition to the test load, giving an equivalent moment to the wind force acting when the slope is at the required tilt angle as specified in Table 1.

b)

b)

5.6 Safety Precautions

5.5.3.2 Lateral tests ,, The effect of wind in lateral stability tests has been shown to be significant oniy when stacking empty container:. For the Iaterai tests, the critical wind force, F',acting on the container is calculated by the following formula (see also Fig. 6): F = kv2Cnh (1 sin a + w cos a) where w= container width =2.44m; ... 2

5.6.1 Precautions shall be taken to prevent the operation overturning of the truck or displacement of the test load during the tests. Where lashings are used to prevent the truck overturning completely, they shall be sufficiently flexible and arranged with sutlicient slack so that no appreciable restriction is imposed on the truck until the overturning movements starts.
5.6.2 Displacement of the test load shall be prevented by such means as: a) b) fmly securing the test load to the load carrie~ and suspending the test load near the ground by a rope, chain, etc, in such a manner that the upper end of the suspension means acts at the point G where the centre of gravity of a fixed test load would otherwise be located.

Cfl= shape coefficient =0.8; and a = angle of lateral tipping axis relative to the longitudinal axis of the truciGin degrees; and the other symbols are as in equation(1).
NOTE -- Reference sources ( for example, crane and

building standards ) confirm that a value of 0.8 for Cmis appropriate for a wind acting in a direction normal to the lateral tipping axis of a freight-container-handling counterbalanced truck.

6 TEST PROCEDURE 6.1 The truck shall be positioned in accordance with Table 1 (Figs. 7,8,9,10,11 and 12 ). Lateral tests shall be conducted to that side of the truck which is least stable. Point N is the centre point of the area of contact between the slope surface and the load wheel nearest to the axis XY ( see Fig. 12). Outrigger wheels are not classed as load wheels for this purpose. 6.2 For trucks with articulating steering axle ( see Fig. 12), point M is defined as the vertical projection onto the slope of point of the intersection between the centre plane All of the truck and the centreline of the axle. 7 SCHEDULE OF TESTS

The effect of this force can be simulated in the tests by one of the following methods:
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7.1 For all trucks, additional stability tests as shown by a"'plus' sign in the Table 2 shall be made, based on standard wind speed as specified in 4.1 (a) or a higher wind speed in accordance with 4.1 (b).
7.2 For trucks which also operate under the conditions described in 4.1 (c), additional stability tests as shown by a `plus' sign in the Table 3 shall be made.

hi

\B

STABILITY TEST FIG. 6 LATERAL
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Tablel Additional Stability Tests Parameters [Ckmses5.1.1,5.1 .2,
Test Number (1) est of stability

5.2.1,5 .5.3,1 (b), 5.5.3 .2(b) and6.l ]
Stability (3) Tests for Latersl Stability (4) (5)

Tests for Longitudinal (2)

Stacking See 3.5 See 3.5 As specified by the truck manufacturer Vertical See figure 7 and 9 3.5 %

Traveling See 3.5 See 3.5 2300 mm above operators compressed seat cushion Maximum backwards &e figure 8 and 9 18%

Stacking See 3.5 See 3.5 As specified by truck manufacturer Maximum backwards

Traveling See 3.5 See 3.5
2300 mm above operator's compressed seat cushion

est load toad centre distance Ieight of centre of ,ravity of test load `ilt of mast of fork arms `osition on test slope nestslope

Maximum back-wards

See figures 10 and 12 See figures 11 and 12 6% 5+1.1 V,upto 20%m (see Notes I and 2)

NOTES
1 V, is normally the laden trucks maximum speed (km/h) but maybe a lower speed that will be specified by manufacturer, together with clear instructions on how the operator may conform to this advice.

2 No wheels may lose contact with the test slow in Test No. 4. nor may any part of the structure or other feature m; contact with the slope. AB is tbe longitudinal centre plane of the truclG MN is the truck axis of original tilt; XY is the test slope axis.

Table 2 Additional Stability Test
(Clause 7.1 )

Laden Container Handling `Ihtektt
Test 1 Test 2

Empty Container Handling Trucks Test 4 Test 1 + Test 2 Test 3 + Test 4

Test 3

+

--

Table3 Additional Stability Test (Clause 7.2 )
Laden Container Handling Trucks
`I'est 1 Test 2

Empty Container Handling Trucks Test 4 + Test 1 Test 2 + Test 3 Test 4 +

Test 3

+
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ANNEX A ( Foreword)
COMMITTEECOMPOSITION
Industrial Trucks Sectional Committee, TED 24
Chairman
SHRI S. RAYCHOUDHARI

Representing

Macneill Engineering Ltd, Kolkata

Members
SHRI D. B. SARDESAI SHRI G. D. SAHAI (Alternate) SHRI D. GANGOPADHYAY

Voltas Ltd, Mumbai Directorate General of Aeronautical Quality Assurance (DGAQA), Ministry of Defence, New Delhi Godrej and Boyce Manufacturing Co Pvt Ltd, Mumbai Ministry of Railways (Railways Board), New Delhi Research, Designsand StandardsOrganization, Minsitry of Railways, Lucknow (Alternate) Directorate General of Supplies and Disposals (DGS&D), New Delhi Jest's Engineering Co Ltd, Mumbai DirectorateGeneral of TechnicalDevelopment(Management Support Section), New Delhi .,, Directorate General of Factory Advice, Mumbai Escorts Construction and Equipment Ltd, Faridabad Mumbai Port Trust, Mumbai Kolkata Port Trust, Kolkata Punjab Tractors Ltd, Chandigarh Texmaco Ltd, Kolkata Vehicle,Research and DevelopmentEstt, Ministry of Defence (R&D) Ahmednagar Ministry of Defence (DGQA)(E]/CQA& New Delhi Chennai Port Trust, Chennai INDITAL, Bangalore Director General, BIS (Ex-officio Member)
Member-Secretary
SHRI P. K. SHARMA

(Alternate) SHRI N. K. MAHAWAR
SHRI H. A. DUMASIA (Alternate) SHRI D. B. VIJAYAKAR SHRI R. C. SHARMA SHRI LOVE DEV RAJ (Alternate) JOINTDIRECTORSTANDARDS

(Container) ASSISTANTDESIGN ENGINJZER
SHRI D. B. JAIN SHRI S. M. MUNJAL(Alternate) SHRI GIRISH MALVIYA SHRI S. J. BUCH (Alternate) SHRI M. E. MADHUSUDAN SHRI K. K. TIWARI(Alternate) SHIU G. M. E. K. RAJ SHIU S. B. MATHUR(Ahernate) SHRI RAKESHCHAWLA SHRI DHIRAJGUPTA(Alternate)

SHRI S. SHANKERNARAYAN (Alternate) SHRI N. G. KAMATSATOSKAR SHRI A. KONAR SHRI N. S. NINDI (Alternate) SHRIA. C. BHATTACHARYYA SHRI A. K. HALDAR SHRI V. P. SULAKHE

(Alternate) SHRI M. N. SRIVASTAVA
COL K. R. SJNGH (Alternate) COL PARTHIBAN SHRI N. A. KAMATH (Alternate) SHRIV. RAMADOSS SHRI RAW KUMAR SHRI A.

R. GULATJ, Director & Head (TED)

Joint Director, BIS

"8

Bureau of Indian Standards
BIS

is a statutory institution established under thel?ureau ofhzdian Standards Act, 1986 to promote harmonious development of the activities of standardization, marking and quality certification of goods and attending to connected matters in the country. Copyright BIS has the copyright of all its publications. No part of these publications maybe reproduced in any form without the prior permission in writing of BIS. This does not preclude the free,use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to copyright be addressed to the Director (Publications), BIS. Review of Indian Standards Amendments are issued to standards as the need arises on the basis of com~ents. Standards are also reviewed periodically; a standard along with amendments is retilrmed when such meviewindicates that no changes are needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of `BIS Catalogue' and `Standards: Monthly Additions'. This Indian Standard has been developed from Doc : No. TED 23 ( 766 ). Amendments Issued Since Publication Amend No. Date of Issue Text AfTected

BUREAU OF INDIAN STANDARDS
Headquarters: ManakBhavan, 9 Bahadur ShahZafarMarg, Telephones: 3230131,3233375,3239402 Regional OffIces: Central: ManakBhavan, 9 Bahadur ShahZafar Marg NEWDELHI 110002 Eastern: 1/14 C. I. T. Scheme VIIM, V. I. P. Road, Kankurgachi CALCUTTA700 054 Northern: SC0335-336, Seetor34-A, CHANDIGARH 160022 Southern: C. I. T. Campus, IV Crossroad, CHENNAI 600113 Western: Manakalaya, E9 MIDC, Marol, Andheri (East) MUMBA1400 093 Branches: New Delhi 110002 Telegrams: Manaksanstha ( Common to all offices) Telephone 3237617 { 3233841 3378499,3378561 { 3378626,3379120 603843 { 602025 2350216,2350442 { 2351519,2352315 8329295,8327858 { 8327891,8327892

AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI. HYDEIL4BAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. PATNA. PUNE. RAJKOT. THIRUVANANTHAPW.
Printed at New India PriLting Press, KhurjA India

